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0 In a method tor making a magnetic recording 
medium wherein a first magnetic layer (2) is formed 
on a substrate (1) and a second magnetic layer (3) is 
formed on the first magnetic layer (2), before for- 
ming the second magnetic layer (3). accelerated 
ions are irradiated onto a surface of the first mag- 
netic layer (2). Thereby, a naturally formed oxidized 
layer and adhered impurity on the first magnetic 
layer (2) are removed from the surface of the first 
magnetic layer (2) by ion etching action by the 
in-adiation of ions, and hence a preferable condition 
of an interface between the first magnetic layer (2) 
and the subsequently formed second magnetic layer 
(3) is obtained. 



FIG.l 
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FIELD OF THE INVENTION AND RELATED ART 
STATEMENT 

1. HELD OF THE INVENTION 

The present invention relates to a method for 
making a magnetic recording medium which has a 
multilayer magnetic film formed on a non-magnetic 
substrate. 

2. DESCRIPTION OF THE RELATED ART 

In recent years, a small sized magnetic 
recording/reproducing apparatus has been devel- 
oped and a magnetic recording medium having 
high recording density performance has been in- 
vestigated. A thin metal film type magnetic record- 
ing medium has lately attracted considerable atten- 
tion as one of most favorable magnetic recording 
media which exceeds the limit of recording density 
performance in the conventional particulate mag- 
netic recording medium. The thin metal film type 
magnetic recording medium can be formed by a 
plating method, a sputtering method, a vacuum 
evaporation method or the like. In consideration for 
mass production, the vacuum evaporation method 
is the most preferable method. In order to make 
the thin metal film type magnetic recording me- 
dium with high and stable productivity by the vacu- 
um evaporation method, for instance, a web coater 
type continuous deposition apparatus is used. In 
the web coater type continuous deposition appara- 
tus, when a tape-shaped substrate consisting of 
high polymer film is transferred along on the cir- 
cumference of a cylindrical can, a thin metal film is 
deposited on the substrate. 

A perpendicular magnetic recording medium 
utilizing Co-Cr or Co-0 as a main content of the 
thin metal film is a favorable thin metal film type 
magnetic recording medium in the next generation. 
And the above-mentioned vacuum evaporation 
method has been also used in research to make 
the perpendicular magnetic recording medium. 

In addition to the above-mentioned vacuum 
evaporation method for forming the magnetic re- 
cording medium, such an important technique as 
previous treatment for the substrate of high poly- 
mer and a subsequent treatment for the magnetic 
recording film have been investigated. For In- 
stance, according to the gazette of the Japanese 
published unexamined patent application (Tokkai) 
sho 62-234239, before forming by the vacuum 
evaporation method the magnetic recording film 
mainly consisting of Co and Cr on the high poly- 
mer film, irradiation of accelerated ions onto the 
substrate is disclosed as a previous treatment. And 
according to the art of Tokkai Sho 62-234239, 
improved magnetic characteristics and 
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recording/reproducing characteristic are obtained. 

In recent years, in order to improve 
recording/reproducing characteristic, a multilayer 
magnetic recording film has been investigated. For 

5 instance, according to "High-density magnetic re- 
cording properties of evaporated Go-Ni-0 thin film" 
Yoshida and Shinohara. Proceedings of PMRC'89, 
PI 39 1989, improvement of recording/reproducing 
characteristic has been carried out owing to a mul- 

10 tilayer configuration of the thin metal type magnetic 
recording film mainly consisting of Co-Ni-O. Fur- 
ther, In the perpendicular magnetic recording me- 
dium having the magnetic recording film mainly 
consisting of Co-Cr or Co-O, when 

75 recording/reproducing is carried out by utilizing a 
ring-shaped magnetic head, a configuration of two 
layers results in high reproduced output, improve- 
ment of isolated waveform and improved frequency 
response of reproduced output. And the art is dis- 

20 closed in commonly assigned U.S. Patent Applica- 
tion entitled "Magnetic recording medium and 
method for producing the same" having Serial 
Number 07/574.285. filed August 28, 1990. 

When recording/reproducing is carried out by 

25 utilizing magnetic singlepole head, recording effi- 
ciency can be improved by forming a soft mag- 
netic film e.g. Ni-Fe film which intervenes between 
the substrate and the perpendicular magnetic re- 
cording film. In a procedure for forming a multilayer 

50 magnetic film (hereinafter, for instance, which con- 
sists of a first magnetic layer, second magnetic 
layer and so on), it is very difficult to keep the state 
of the interface between each magnetic layer in 
good condition. Causes of deterioration of the inter- 

35 face are as follows: undesirable oxidized layer is 
naturally formed on the surface of the first mag- 
netic layer before forming the second magnetic 
layer and/or undesirable impurity such as Inorganic 
material is adhered on the first magnetic layer 

40 before forming the second magnetic layer. The 
oxidized layer and the impurity result in not only 
increased spacing loss but also decreased prefer- 
able interface effect between the magnetic layers. 
As a result, recording/reproducing characteristic Is 

45 remarkably deteriorated. 

As to the oxidized layer, it is possible to con- 
siderably repress undesirable oxidization when the 
second magnetic film is formed continuously after 
formation of the first one in one vacuum chamber 

60 without exposing the surface of the first one to the 
atmosphere. But it is difficult to get a high vacuum 
in such a large scale apparatus as Is suitable for 
mass production. Thus, sufficient repress of ox- 
idization has not been realized. Especially, In case 

55 a reactive deposition or a reactive sputtering is 
carried out under introduced oxygen atmosphere in 
order to form the magnetic layer, or in case a 
process under a high temperature is necessary, it 
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is impossible to repress oxidization perfectly. 

When an apparatus which utilizes a cylindrical 
can is used in order to form two magnetic layers 
continuously in one vacuum chamber, it has been 
considered necessary to use two cylindrical cans 
(i.e. a first cylindrical can for the first magnetic 
layer and a second cylindrical can for the second 
one). Since a speed of the magnetic recording 
medium transferred on the first cylindrical can must 
be the same as that of the same transferred on the 
second cylindrical can, it becomes very difficult to 
control rotation speed of each cylindrical can and 
to select suitable conditions such as deposition rate 
of each magnetic film. In contrast, when each mag- 
netic layer is not formed continuously, that is, each 
magnetic layer is formed under respective suitable 
condition, stable deposition can be obtained with 
ease, and hence large productivity Is obtained. 
Thus, in consideration for productivity, it is not 
suitable to form two magnetic layers continuously. 

As mentioned above, in the related arts, it has 
been difficult to solve the problems due to forma- 
tion of the oxidized layer and that of the adhering 
impurity with ease. 

OBJECT AND SUMMARY OF THE INVENTION 

The present invention is intended to solve the 
above-mentioned problem. The purpose of the 
present invention is to provide a method for making 
a magnetic recording medium which has Improved 
recording/reproducing characteristics. 

The method for making a magnetic recording 
medium in accordance with the present invention Is 
characterized by: 

in a method for making a magnetic recording 
medium wherein at least two magnetic layers are 
formed on a substrate. 

the improvement that 

before forming on a previous or underlying 
magnetic layer a subsequent or overlying magnetic 
layer, accelerated ions are irradiated onto a surface 
of the previous magnetic layer. 

In the above-mentioned method for making the 
magnetic recording medium, effect of the irradia- 
tion of accelerated ions originates from ion etching 
action thereof. That is, undesirable oxidized layer 
and adhered impurity are removed from the sur- 
face of the previous magnetic layer by the ion 
etching action. Thereby, a preferable condition of 
an Interface between the previous magnetic layer 
and the subsequent magnetic layer is realized, so 
that an improved recording/reproducing character- 
istic is obtained as the effect. In order to obtain 
sufficient effect, it is preferable to carry out the 
irradiation of accelerated Ions Immediately Ijefore 
forming the subsequent magnetic layer. Thereby, 
there is little possibility of formation of undesirable 
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- oxidized layer or the like again after the irradiation 
of accelerated ions. 

The method of the present invention is ap- 
plicable not only to the magnetic recording film 

5 consisting of two magnetic layers but also to that 
consisting of not less than three magnetic layers 
wherein the effect Is obtained in forming any sub- 
sequent magnetic layer after forming a previous 
magnetic layer. That is, when the magnetic record- 

70 ing film consisting of n magnetic layers (n is a 
natural number greater than or equal to 2), the 
improvement by the present invention is obtainable 
in respective interfaces to the number of n-1 which 
exist between respective magnetic layers. 

75 In order to produce ions, there is such a usable 

ion source as a Kaufman type ion gun. Usable ions 
are ionized inert gas such as noble gas (e.g. argon) 
and nitrogen gas which is inactive to the magnetic 
layer. The ion source can be used insofar as a high 

20 vacuum is kept in the vacuum chamber, and the 
high vacuum should be kept usually in order to use 
a conventional method for making the thin film type 
magnetic recording medium such as a vacuum 
evaporation method. Thus, there is no limitation 

25 about use of the ion source in the method. When 
the afore-mentioned reactive deposition is carried 
out. for instance Co-Ni-0 film is formed by in- 
troducing oxygen gas; and the same effect of the 
ion etching action as that of the above-mentioned 

30 deposition Is obtained. Thus, the improvement in 
the method of the present invention is widely ap- 
plicable in the conventional method for making the 
thin metal film type magnetic recording medium. 
There is a cobalt-based magnetic layer as a 

35 recording layer in most of the thin metal film type 
magnetic recording medium which has been inves- 
tigated in order to realize high density recording. In 
case at least one magnetic layer which is between 
the previous one and the subsequent one is a 

40 cobalt-based magnetic layer, the remarkable effect 
of the present invention is obtained. Especially, in 
case each of the previous magnetic layer and the 
subsequent one is a cobalt-based magnetic layer 
which has a recorded magnetization component in 

45 a direction perpendicular to a plane of the mag- 
netic recording medium, a remarkable improve- 
ment of recording/reproducing characteristic Is ob- 
tained by the method of the present invention. The 
improvement is mainly made by reduced spacing 

50 loss through removal of the oxidized layer and 
Impurity on the interface between the previous 
magnetic layer and the subsequent magnetic layer. 

As to a cobalt-based perpendicular magnetic 
recording medium which is assumed to be used 

55 with a monopole magnetic head in 
recording/reproducing, when a cobalt-based per- 
pendicular magnetic recording film is formed as an 
overlying second (subsequent) magnetic layer after 

3 
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irradiation of accelerated Ions onto a soft magnetic 
layer of Ni-Fe or the like as an underlying first 
(previous) magnetic layer, good interface condition 
between the previous one and the subsequent one 
Is realized. Thus, intended interface effect is not 
reduced; and higher recording efficiency is ob- 
tained. 

As mentioned above, in accordance with the 
method of the present invention, in the magnetic 
recording medium wherein the multilayer magnetic 
film was formed on the substrate, good interface 
condition between each magnetic layer is realized 
so that improvement of recording/reproducing char- 
acteristic is obtained. Thus, the present invention 
provides a most effective method for making the 
magnetic recording medium having the multilayer 
magnetic layers. 

While the novel features of the invention are 
set forth particularly in the appended claims, the 
invention, both as to organization and content, will 
be better understood and appreciated, along with 
other objects and features thereof, from the follow- 
ing detailed description taken in conjunction with 
the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 Is a cross sectional view of the magnetic 
recording medium which is made by the method of 
the present Invention. 

FIG. 2 is a side view of a first embodiment of a 
continuous vacuum evaporation apparatus for mak- 
ing the magnetic recording medium embodying the 
present invention. 

FIG.3 is a side view of a second embodiment 
of a continuous vacuum evaporation apparatus for 
making the magnetic recording medium embody- 
ing the present invention. 

FIG. 4(a) is a graph showing the frequency re- 
sponse of relative reproduced output of the Exam- 
ple 1 and the Comparison example 1 . 

FIG.4(b) is a graph showing the frequency re- 
sponse of relative reproduced output of the Exam- 
ple 2 and the Comparison example 2. 

FIG.5 Is a side view of a third embodiment of a 
continuous vacuum evaporation apparatus for mak- 
ing the magnetic recording medium embodying the 
present invention. 

It will be recognized that some or all of the 
Figures are schematic representations for purposes 
of illustration and do not necessarily depict the 
actual relative sizes or locations of the elements 
shown. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Hereafter, preferred embodiments of the 
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present invention are explained with reference to 
the accompanying drawings. 

FIG.1 is a cross sectional view of the magnetic 
recording medium which is made by the method of 

5 the present invention. A first magnetic layer 2 as a 
previous magnetic layer is formed first on a sub- 
strate 1 of high polymer. A second magnetic layer 
3 as the overlying or subsequent magnetic layer is 
subsequently formed on the first magnetic layer 2. 

10 The substrate is usually made of high polymer, and 
non-magnetic metal such as aluminum or depend- 
ing on necessity, ceramic may be used for making 
the substrate especially for use in disk shaped 
recording medium. Suitable materials for the sub- 

75 strata made of high polymer include: polyethylene 
terephtalate (Hereinafter referred to as PET) and 
polyethylene naphthalate (Hereinafter referred to as 
PEN). And if a high heat resistivity is necessary, 
polyimide (Hereinafter referred to as PI) or 

20 polyamide (Hereinafter referred to as PA) is used 
for the substrate. The above-mentioned materials 
are suitable for use in a continuous deposition 
apparatus which is elucidated later. For use in the 
disk shaped recording medium, polycarbonate 

25 (Hereinafter referred to as PC) or acrylic resin such 
as PMMA (poly (methylmethacrylate)) is used for 
making the substrate. 

In FIG.1. the magnetic recording medium has 
both the first magnetic layer 2 and the second 

30 magnetic layer 3 which were cobalt-based mag- 
netic layers, and it was shown as the most effective 
example of the present invention. In the magnetic 
recording medium shown in FIG.1, the first mag- 
netic layer 2 has an easy axis 5 which is slant by a 

35 certain angle to the normal 4 of the plane of the 
magnetic recording medium, and the second mag- 
netic layer 3 has an easy axis 6 which is also slant 
by a certain angle to the normal 4 similarly. When 
the magnetic recording medium having cobalt- 

40 based magnetic layers has the above-mentioned 
multilayer configuration, high reproduced output, 
improved isolated waveform and improved frequen- 
cy response of reproduced output are obtainable 
as disclosed in U.S. Patent Application Serial Num- 

45 ber 07/574,285, which Is mentioned afore. Suitable 
materials to be used in the cobalt-based first and 
second magnetic layers can be chosen properly 
from the alloys: Co-0, Co-Ni-0, Co-Cr, Co-NI-Cr 
and Co-V, these alloys including at least one ele- 

50 ment selected from transition metal elements in 
iron group such as Fe, Cu and Mn, noble metals 
such as Pt and Pd and other elements such as C, 
B and P as additive. 

Through our experiments, when the first mag- 

55 netic layer mainly consisted of Co-Cr or Co-Ni-Cr 
and the second magnetic layer mainly consisted of 
Co-0 or Co-Ni-O, the most improved 
recording/reproducing characteristic was obtained 

4 
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in the above-mentioned magnetic layers. 

When the first magnetic layer mainly consists 
of Co-Cr or Co-Ni-Cr, high reproducing output is 
obtained not only In a range of high recording 
density but also in a range of low recording den- 
sity: and a high S/N ratio is obtained in a wide 
range. Further, when the second magnetic layer Is 
a partly oxidized layer which mainly consists of Co- 

0 or Co-Ni-0, high reliability in tribology including 
smooth sliding contact with head and the like is 
obtained. Thus, the above-mentioned combination 
of the first and second magnetic layers results in 
having the most improved recording/reproducing 
characteristic. 

Concerning the above-mentioned experiments 
of ours, elucidation is made on a magnetic record- 
ing medium having a Co-Cr film as the first mag- 
netic layer and a Co-O film as the second one in 
the below-mentioned embodiments. 

1 . First embodiment 

FIG.2 is a side view of a first embodiment of a 
continuous vacuum evaporation apparatus for mak- 
ing the above-mentioned magnetic recording me- 
dium embodying the present invention. The con- 
tinuous vacuum evaporation apparatus is set in a 
vacuum chamber (not shown in FIG.2). Magnetic 
material 17 is melting In a melting pot 18 and it 
serves as an evaporation source 13. Over the evap- 
oration source 13, a substrate 1 consisting of high 
polymer film rolled on a supplying reel 9 is fed out 
and transferred on the circumference of a rotating 
cylindrical can 12. whereon evaporated atoms 14 of 
the magnetic material is deposited on the substrate 

1 in transferring. And the substrate 1 is wound up 
by and on a winding reel 10. The cylindrical can 12 
rotates as shown by an arrow A. 

Unnecessary flow of evaporated atoms is ob- 
structed by shielding plates 15. 15. The shielding 
plates 15, 15 are disposed in a manner that it 
enables the flow of evaporated atoms 14 within the 
range of incident angle from an initial incident 
angle ^i to a final incident angle <#>f against the 
normal to the plane of the substrate. In a cobalt- 
based magnetic recording film, an easy axis which 
is slant by an angle to the normal to the plane of 
the substrate is obtained owing to the evaporated 
atoms deposited in a suitable range of the incident 
angle. 

When a Co-Cr film is formed as a first mag- 
netic layer, a Co-Cr alloy is used for the evapora- 
tion source 13. When a partially oxidized film such 
as a Co-O film is formed as a second magnetic 
layer, Co in the free state is used for the evapora- 
tion source 13. And a nozzle 16 is disposed be- 
tween the evaporation source 13 and the cylindrical 
can 12 in order to flow oxygen into the evaporated 



atoms so that reactive deposition is carried out with 
introducing oxygen. 

That is, after the first magnetic layer is formed 
by utilizing the continuous evaporation apparatus 

5 shown in FIG.2 without using the nozzle 16, the 
second magnetic layer is also formed by utilizing 
the same apparatus wherein the evaporation source 
13 is changed from Co-Cr alloy to Co in the free 
state and the nozzle 16 for blowing of oxygen is 

10 used. 

When the second magnetic layer is formed, 
ions 7 are irradiated from an ion source 8 onto a 
surface of the first magnetic layer immediately be- 
fore forming the second magnetic layer so that 

75 oxidized layer and Impurity on the first magnetic 
layer is removed. The ion source 8 Is disposed in a 
manner that irradiation is made on a part of the 
substrate 1 which runs at a vicinity of entering side 
of the cylindrical can 12. 

20 That is, formation of the second magnetic layer 
is carried out immediately after irradiation of ions. 
Thereby, even if oxygen is introduced into the 
vacuum chamber for the reactive deposition, there 
is very little possibility that an oxidized layer is 

25 formed again on the surface of the first magnetic 
layer. 

Removal of the oxidized layer and Impurity on 
the first magnetic layer ows to ion etching action of 
the in'adiated ions. For instance, when a Kaufman 

30 type ion gun is used as the ion source 8, the larger 
the accelerating voltage of ions and ion current 
density become, usually the stronger the ion etch- 
ing action becomes. But in case these values be- 
comes too large, it is likely that undesirable prob- 

35 lems occur. For instance, undesirable thermal de- 
formation of the substrate 1 occurs and/or ion etch- 
ing action influences other member in the vacuum 
chamber to produce Impurity. Thus, depending on 
circumstances, it is necessary to select optimal 

40 condition concerning the accelerating voltage and 
the ion current density and the like. 

[Example 1] 

45 Video tape samples of this example 1 which 
have the same cross sectional view shown in FIG.1 
were formed by using the first embodiment of the 
continuous evaporation apparatus shown in FIG.2. 
An alloy of Co-Cr was used as the evaporation 

50 source 13. A Co-Cr layer as the first magnetic layer 
2 was formed on a substrate 1 , which was made of 
polyimide as a heat-stable high polymer. 

Deposition of the first magnetic layer was car- 
ried out under the following condition: the initial 

55 incident angle ^i was 60*. and the final incident 
angle ^f was 30*. Saturation magnetization of the 
Co-Cr layer was 450 emu/cc, and the thickness of 
the same was 120nm. The substrate 1 was kept at 
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270* C during deposition. 

After deposition of the first magnetic layer 2 
was finished, the pressure In the vacuum chamber 
was changed to atmospheric pressure by introduc- 
ing air. And several operations were made, for 
instance the evaporation source was changed from 
Co-Cr to Co. 

The vacuum chamber was evacuated again so 
that a Co-0 layer as the second magnetic layer 3 
was formed on the first magnetic layer 2. The Co-0 
layer was formed by the reactive evaporation meth- 
od utilizing oxygen introduced through the nozzle 
16. Immediately before forming the second mag- 
netic layer 3, accelerated ions 7 were irradiated 
onto the surface of the Co-Cr film as the first 
magnetic film 2. That is, the irradiation was made 
onto the surface of the first magnetic film 2 which 
runs at a vicinity of entering side of the cylindrical 
can 12. A Kaufman type ion gun was used as the 
ion source 8, and argon gas was Introduced into 
the ion gun so that argon ions irradiated as ions 7. 
The accelerating voltage of ions was 500V, and the 
ion current density was about SOOuA/cm^. 

Deposition of the second magnetic layer 3 was 
carried out under the following condition: the initial 
incident angle <t>[ was 50*. and the final incident 
angle <^f was 15*. Saturation magnetization of the 
Co-0 layer was 650 emu/cc, and thickness of the 
same was 50nm. The substrate 1 was kept at 
100* C during deposition of the Co-0 layer. The 
deposited film was slit to give sample video tapes. 

[Comparison example 1] 

Video tape samples of this Comparison exam- 
ple 1 were made by the same procedure as that of 
the Example 1 except that no irradiation of acceler- 
ated ions were made onto the surface of the first 
magnetic layer 2. 

2. Second embodiment 

[Example 2] 

Video tape samples of this Example 2 which 
have the same cross sectional view shown in FIG.1 
were formed by using a second embodiment of the 
continuous evaporation apparatus shown in FIG.3. 
Con-esponding parts and components to the first 
embodiment are shown by the same numerals and 
marks, and the description thereon made in the 
first embodiment similarly apply. Differences and 
features of this second embodiment from the first 
embodiment are as follows. In the continuous evap- 
oration apparatus, both the first magnetic layer 2 
and the second magnetic layer were continuously 
formed in the same vacuum chamber (not shown in 
FIG.3) by using only one cylindrical can 12. Thus, 
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the surface of the first magnetic layer was never 
exposed to the atmosphere. An alloy of Co-Cr was 
used as the evaporation source 13, and a Co-Cr 
layer as the first magnetic layer 2 was formed on 

5 the substrate 1 . 

During the while the substrate 1 was trans- 
ferred on the circumference of the rotating cylin- 
drical can 1 2, deposition of the first magnetic layer 
2 was carried out under the following condition: the 

70 initial incident angle ^i was 60*. and the final 
incident angle ^f was 30*. Saturation magnetiz- 
ation of the Co-Cr layer was 450 emu/cc, and the 
thickness of the same was 1 20nm. The substrate 1 
was kept at 270* C during deposition. 

75 After the above-mentioned deposition, ions 7* 
from the ion source 8' were irradiated onto the 
surface of the first magnetic layer 2 which runs 
between guide rollers lib and 11c immediately 
before forming the second magnetic layer 3. The 

20 substrate 1 was supported only by the guide rollers 
1 1 b and 1 1 c therebetween. 

Co was used as an evaporation source 1 3\ and 
a Co-0 layer as the second magnetic layer 3 was 
formed on the first magnetic layer 2 between guide 

25 rollers 11c and 11d. The substrate 1 was supported 
only by the guide rollers 11c and lid without 
supporting member e.g. a cylindrical can there- 
between. The Co-0 layer was formed by the reac- 
tive evaporation method utilizing oxygen introduced 

30 through the nozzle 16' which was disposed be- 
tween the substrate 1 and the evaporation source 
13'. 

In the above-mentioned apparatus, it was not 
necessary to use two cylindrical cans at the same 

35 time. Thus, it was not difficult to control running 
speed of the substrate 1 and to select suitable 
conditions such as respective deposition rates of 
the first and second magnetic layers. 

When the second magnetic layer 3 is formed 

40 in the apparatus, possibly the substrate 1 is dete- 
riorated by heat due to energy of evaporated atoms 
14*. Thus, the material of the substrate 1 should 
have a high glass transition temperature, and depo- 
sition rate and the like should be limited below a 

45 certain level. In case the second magnetic layer 3 
is formed by utilizing the cylindrical can 12 in the 
same way as the first magnetic layer 2, heat due to 
the evaporated atoms 14 is rapidly absorbed by 
the cylindrical can 12, and the above-mentioned 

50 deterioration by heat never occurs. But in the ap- 
paratus shown in FIG.3, the heat of the substrate 1 
can not be removed. In this Example 2, the deposi- 
tion rate of the second magnetic layer was smaller 
than a quarter of that of the first magnetic layer, 

55 and by using polyimide having a glass transition 
temperature above 300 'C for the substrate 1 a 
stable deposition was made without deterioration of 
the substrate by using the apparatus. A Kaufman 

6 



11 



EP 0 468 488 A1 



12 



type ion gun was used as an ion source 8*, and 
argon gas was Introduced into the ion gun so that 
argon ions were irradiated as ions 7*. The accel- 
erating voltage of ions was 500V, and the Ion 
current density was about 600uA/cm^. 

Deposition of the second magnetic layer 3 was 
carried out under the following condition: the initial 
angle <^»i' was 45* , and the final incident angle <^>f' 
was 40 ' . Saturation magnetization of the Co-O 
layer was 650 emu/cc, and thickness of the same 
was 50 nm. The substrate 1 was kept at 180* C 
during deposition of the Co-O layer. The resultant 
film was slit to give sample video tapes. 

[Comparison example 2] 

Video tape samples of this Comparison exam- 
ple 2 were made by the same procedure as that of 
the Example 1 except that no irradiation of acceler- 
ated ions were made onto the surface of the first 
magnetic layer 2. 

The following evaluation test was made on tape 
samples obtained in the foregoing examples and 
comparison examples. 

[Recording/reproducing characteristic] 

Recording/reproducing was made on the tape 
sample by utilizing a ring-shaped magnetic head. 
Reproduced voltage was measured by changing 
frequency of signal. 

FIG.4(a) is a graph showing the frequency re- 
sponse of relative reproduced output of the Exam- 
ple 1 and the Comparison example 1 . FIG.4{b) is a 
graph showing the frequency response of relative 
reproduced output of the Example 2 and the Com- 
parison example 2. 

FIGs.4(a) and 4(b) show that relative repro- 
duced output of the Examples 1 and 2 were higher 
than that of the Comparison examples 1 and 2 
respectively. Thus, improvement of 
recording/reproducing characteristic is obtained by 
the method of the present invention for making the 
magnetic recording medium. Technical advantage 
of the present invention obtained in the Embodi- 
ment 1 was more remarkable than that obtained in 
the Embodiment 2, the reason why would be that 
by the Embodiment 2 a relatively thin oxidized 
layer was formed on the first magnetic layer in the 
Experiment 2. Both the first magnetic layer and the 
second one were formed in one vacuum chamber 
continuously, so that the second magnetic layer 
was formed without exposing the first magnetic 
layer under atmosphere, and thereby thinner ox- 
idized layer than that of the Experiment 1 was 
formed in the Experiment 2. 

Effect of the present invention was more re- 
markable in the characteric in high frequency re- 



gion in both the embodiments 1 and 2. The reason 
would be that undesirable spacing loss was re- 
duced owing to removal of the oxidized layer and 

impurity. 

5 

3. Third embodiment 

In both the continuous evaporation apparatuses 
shown in FIGs.2 and 3, In order to let the substrate 

70 1 and the cylindrical can 12 make closely into 
contact, a dc voltage e.g. -150V is applied to the 
roller 11b against the cylindrical can 12 as the 
ground. Especially in mass production process, 
when accerelated ions 7 were irradiated onto the 

75 first magnetic layer 2, occasionally, the substrate 1 
could not come closely into contact to the cylin- 
drical can 12. The reason would be that somehow 
electrical charge on the substrate 1 due to the 
above-mentioned dc voltage was probably can- 

20 celled by the irradiated ions 7. And such insuffi- 
cient contact results in deterioration of the sub- 
strate 1 due to heat from the evaporated atoms 14 
through insufficient cooling effect of the cylindrical 
can 12. 

25 Thus, for the purpose of realizing stable mass 
production, a third embodiment of the continuous 
evaporation apparatus is devided as shown in 
FIG. 5. Corresponding parts and components to the 
first embodiment are shown by the same numerals 

30 and marks, and the description thereon made in 
the first embodiment similariy apply. Differences 
and features of this third embodiment from the first 
embodiment are as follows. A conventional electron 
gun 19 was disposed in a manner that irradiation of 

35 electron beam 20 was made on a part of the 
substrate 1 between the guide roller 11a and the 
cylindrical can 12. The electron beam 20 was irra- 
diated onto opposite face of the substrate 1 to one 
face covered by the first magnetic layer 2. The 

40 electron beam 20 was produced under the follow- 
ing condition: the accelerating voltage of electrons 
was 2kV, and an emission current was 10mA. 

Tape samples obtained by utilizing the continu- 
ous evaporation apparatus shown in FIG.5 showed 

45 the same recording/reproducing characteristic as 
that of the Example 1 . And more stable contact of 
the substrate 1 with the cylindrical can 12 was 
obtained in mass production, and hence deteriora- 
tion of the substrate due to heat was not observed, 

50 the reason would be that the substrate 1 could be 
charged enough by the electron beam 20 so as to 
make stable contact with the cylindrical can 12 
even under in'adiatlon of accelerated ions 7. The 
above-mentioned stable contact is explained as 

55 follows: when the electron beam was accelerated 
by a certain level of voltage, electrons do not 
remain on the surface of the substrate but pene- 
trate into the substrate to a certain depth. Thus, the 
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electrons are stored in the substrate stably Inside 
thereof, that is the electrons were not cancelled by 
the irradiated Ions 7 on opposite face of the sub- 
strate to the face irradiated by the electron beam 
20, or the electrons do not flow into the ground 
through the cylindrical can either. Thereby, the 
substrate having enough charge due to the stored 
electrons could come closely into contact with the 
cylindrical can owing to electrostatic adhesion. 

The above-mentioned embodiments are elu- 
cidated with respect to the examples wherein Co- 
Cr and Co-0 were used as materials for the mag- 
netic layers. Similar effect to the above-mentioned 
embodiments was obtained through our experi- 
ments, the first magnetic layer 2 and the second 
magnetic layer 3 were made of materials chosen 
from the alloys: Co-0, Co-Ni-0, Co-Cr, Co-Ni-Cr 
and Co-V, these alloys including at least one ele- 
ment selected from transition metal elements in 
iron group such as Fe, Cu and Mn, noble metals 
such as R and Pd. and other elements such as C, 
B and P as additives. 

Similar effect to the above-mentioned embodi- 
ments was also obtained through our experiments, 
in case a soft magnetic layer such as a Ni-Fe layer 
is formed as the first magnetic layer 2 and a 
cobalt-based magnetic layer is formed as the sec- 
ond magnetic layer 3. 

The above-mentioned embodiments are elu- 
cidated with respect to the examples having two 
magnetic layers, but it goes without saying that 
effect of the present invention is obtained in the 
magnetic recording medium having more than 
three magnetic layers. And it was confirmed 
through many experiments. 

In case a Ti layer, a Ge layer or the like was 
formed on the substrate 1 as an under-coating 
layer, similar effect to the above-mentioned em- 
bodiments was obtained through our experiments. 

As a matter of course, it is more preferable to 
irradiate accelerated ions 7 from the ion source 8 
onto the substrate 1 immediately before forming 
the first magnetic layer 2. 

Although the present invention has been de- 
scribed in terms of the presently preferred embodi- 
ments, it is to be understood that such disclosure 
is not to be interpreted as limiting. Various alter- 
ations and modifications will no doubt become ap- 
parent to those skilled in the art after having read 
the above disclosure. Accordingly, it is intended 
that the appended claims be interpreted as cover- 
ing all alterations and modifications as fall within 
the true spirit and scope of the invention. 

Claims 

1. In a method for making a magnetic recording 
medium wherein at least two magnetic layers 



(2,3) are formed on a substrate (1), 
the improvement that 

before forming on a previous magnetic lay- 
er (2) a subsequent magnetic layer (3), accel- 
6 eraled ions (7) are irradiated onto a surface of 

said previous magnetic layer (2). 

2. Method in accordance with claim 1, wherein 
two magnetic layers (2, 3) are formed on said 

10 substrate (1). 

3. Method in accordance with claim 1, wherein 
said at least two magnetic layers (2, 3) were 
formed by a vacuum evaporation method. 

15 

4. Method in accordance with claim 2. wherein 
said previous magnetic layer (2) and said sub- 
sequent magnetic layer (3) are cobalt-based 
magnetic layers. 

20 

5. Method in accordance with claim 2. wherein 
said previous magnetic layer (2) mainly com- 
prises Co and Cr. 

25 6. Method in accordance with claim 4, wherein 
each of said previous magnetic layer (2) and 
said subsequent magnetic layer (3) has an axis 
of easy magnetization which is slant by a cer- 
tain angle to the normal to the plane of said 

30 substrate. 

7. Method in accordance with claim 4, wherein 
said previous magnetic layer (2) includes at 
least Co and Cr and said subsequent magnetic 
35 layer (3) includes at least Co and 0. 
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FIG, 4(a) 



CD 



4-> 
Z3 
CI 



-10 



a> 
u 

3 

o 

CL 



> 



-20 



r -30 



oe: 



1 



J L 



1 



3 5 7 10 
Frequency of recorded signal (MHz) 



12 

BNStXXID: <EP 046848aA1J_> 



EP 0 468 488 A1 



FIG. 4(b) 
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